The description of plate motions in the so-called hotspot reference frame introduces a global rotation of the lithosphere with respect to the mantle. This rotation, called toroidal field of degree 1, is roughly westward. It reaches an amplitude of about 2 cm/yr and has been consistently found in the different generation of plate tectonic models. Various authors have tried to relate this observation to the deceleration of the Earth's rotation, to polar wander, or to tidal drag. However, these different physical mechanisms cannot explain the requested amplitude. In this paper, we compare the values of this rotation vector using different relative plate motion models expressed in the hotspot reference frame. In a model Earth with lateral viscosity variations, a differential rotation is predicted. The observed net lithospheric rotation is consistent with the dynamics of a model Earth where the asthenospheric viscosity below the oceans is at least one order of magnitude lower than underneath the continents. This relative westward drift of the lithosphere may account for the significant structural differences between east or west dipping subduction zones.
Minster et al. [1974] have computed the lithospheric rotation of their AM1 model. It amounts to 0.11ø/m.y. around a pole situated at 129øE and 74øS. This corresponds to a maximum velocity of 1.2 cm/yr. We compute this average rotation for the model AM1-2 [Minster and Jordan, 1978] spheric rotations is thus only related to the difference in the relative velocity models. The selected hotspots were only located on, or very close to, the Pacific plate. On the contrary, the AM1 model was constructed using 20 hotspot tracks sited on eight different plates. However, for the slow moving plates, the actual azimuth of the hotspot chains cannot be precisely observed. To be sure that our estimation of the net lithospheric rotation is not strongly biased by the weight of the Pacific area nor unrealistically influenced by the selection of imprecise traces, we perform another inversion. We only select traces samphng different plates where the absolute velocity is a priori known to be of order or larger than 1.5 cm/yr. The traces are all taken from the data that entered in the construction of the AM1 model. There are also consistent with the observations of Morgan [1972] . The inversion is performed with the 14 hotspots listed in Table 1 . As Minster and Jordan [19781, we use both observed velocities (five data), and observed azimuths (14 data). The first nine traces were used for the determination of AM1-2 and HS2-NUVEL1; we add five more to ensure a better geographical coverage. We chose NUVEL-1 for relative plate motion model and we only readjust the global rotation to match our selected data. Our inversion indicates that the lithosphere has a net rotation of 0.15ø/m.y. (1.7 cm/yr) around a pole situated at 84øE and 56øS. In columns 6 and 7 of Table 1 , we show the velocity and azimuth of the chosen hotspot traces according to our model. All the computed values but two (Marquesas and Galapagos on the Nazca plate) lie within the prescribed uncertainties. Figure 1 shows the localization of our hotspots on top of a map depicting the tectonic plates taken into account by NUVEL-1. The hotspot velocities deduced from our inversion are also plotted with the observed directions and a priori uncertainties.
Gar [unkel et al. [1986] have suggested that the discrepancy between the hotspot reference frame and the no-net rotation frame is a bias due to an overestimate of the migration rates for the Pacific volcanoes. However, the AM1 model was constructed by only fitting the trends of hotspots without taking into account their absolute velocities. Similarly, we also performed an inversion only using the azimuths of our selected hotspots. A global rotation was still found with a rotation pole consistantly located in the southern part of the Indian Ocean but with the smaller amplitude of 1.0 cm/yr.
Although different, the estimations of the net lithospheric rotation agree with a roughly westward rotation with a pole located in the southern part of the Indian Ocean and an observed velocity of a few centimeters per year. The Pacific hotspots seem to have a relative velocity with respect to the other hotspots which explains the discrepancy between the models. However, it should be clear that this exercise cannot be a test of the hypothesis of hotspots fixity. The relative plate motion models are only valid for the present time and the very last million years, whereas the hotspots fixity applied for a much longer time. Figure 2 shows the pole, labelled a, of the net lithospheric rotation deduced from our inversion. This rotation is clearly related to the total motion of the Pacific plate. The three poles labelled b, c, and d corresponding to models AM1, AM1-2, and HS2-NUVEL1 are also plotted with a circle whose size is proportional to the amphtude of the motion. The solid circle will correspond to the result of a model and will be discussed later. Due to map distortion at high latitudes, the different poles look rather distant, but their angular distance is at most 300 . 
FAILURE OF RADIALLY STRATIFIED EARTH MODELS
The observation of this differential velocity leads to an old and puzzhng problem. Mechanically, in a radially stratified Earth, the canonical reference frame should be the one in which the lithosphere has no-net rotation [Lliboutry, 1974] . We could have tried to find the function K which should be used in equation (6) 
tion (3).
A simple calculation can be done in a model where the rigid plates are moving on top of a rigid mantle. We have seen that the mantle velocity is described by a pure rotation ft0 whereas the surface plate is described by i rotation vectors Qi, where i is the number of plates. The requirement that the net torque must vanish leads, using equation ( 
((V)) + = M2(vL) + + (Id-M2)(vM) +. (14)
The two matrices M1 and M2 are computed from the expansion of ((1/*/) and C in spherical harmonics. They read 12ra21ama(1/*/)12m • , ary. We ran the computation taking into account all the coupling coefficients up to a degree lmax going from lmax --10 to lmax --15. We verified that for lmax --15 an asymptotic value was attained; the coupling of lateral viscosity variations of degrees larger than 15 with velocity described by vector harmonics of degree larger than 15 will not significantly change our estimation of the lithospheric differential velocity. 
